logical processes on Archaean continental composition, thickness, and evolution formed the outline of the two-day combined RAS and Geological Society of London meeting.
Plate tectonics has provided a framework for the interpretation of active and ancient processes shaping the Earth's surface: the comparatively rigid lithospheric plates move in response to convective flow within the mantle, with recycling of material in subduction zones and creation of new material along oceanic spreading ridges. Yet can this concept be extended into the earliest history of the Earth? Were the tectonic processes we now observe operative during the Archaean aeon (4.0-2.5 Ga, thousand million years ago), after the early bombardment and differentiation of Earth during the Hadean aeon (4.6-4.0 Ga)? Piecing together the Archaean history of Earth is made extremely difficult by the constant recycling and overprinting of plate tectonics, as the few remaining occurrences of Archaean crust and lithosphere have been overprinted and modified to various extents by later plate and erosional processes.
This early stage in the evolution of the Earth is also examined by those interested in the role of life on the planet. The Gaia hypothesis is an explanation of Earth's Archaean to recent global thermal balance, which includes the presence and maintenance of liquid water. How has life influenced the face and atmospheres of Earth, and is the Gaia greenhouse hypothesis appropriate for the Archaean aeon? Archaean cratons, or regions that have been protected from heating and deformation in later tectonic events, contain nearly all the global diamond reserves, and a vast wealth of other mineral resources. Hence, our understanding of Archaean lithosphere and processes has profound implications for planetary evolution and the global economy.
Meeting report
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Archaean atmosphere and lithosphere 1: Results from the recent TW~ST experiment (Teleseismic Western Superior Transect, Canada) show evidence for a high-velocity cratonic root, from seismometers in a roughly north-south array from the Canada-USA border to Hudson Bay, crossing the Archaean Superior craton. The experiment was a collaboration between Queen's University (Canada), the Geological Survey of Canada and the University of Leeds. Left: Interstation phase velocities calculated from surface waves which traverse this array. The Rayleigh-wave phase velocities are higher than those measured for the Canadian shield in the older study of Brune and Dorman (1963) which was not confined to the Superior craton. Right: Inversions for shear-wave velocity models which best fit these data are compared with previous models. Although these models are still at a preliminary stage, there is clear evidence for a sub-crustal layer 5-20 km thick and a high-velocity uppermost mantle which extends to the resolution depth of this array (>210 km). These results support the notion of a high-velocity cratonic root which extends to roughly 200 km. In contrast, the model of Brune and Dorman (1963) Cindy Ebinger reports on an RAS discussion meeting on 10 and 11 February 2000 that fostered lively debate on the early Earth, from workers in a range of specialisms. 
Constraints on Archaean lithospheric structure
The first part of the meeting highlighted differences in structure and composition of Archaean and post-Archaean lithosphere, with contributions from seismologists, petrologists and geochemists. Seismologists David James (Carnegie Institution) and Michael Kendall (University of Leeds) presented geophysical evidence for high-velocity regions interpreted as thick mantle lithospheric roots beneath the Kaapvaal (Africa) and Superior (Canada) cratons, respectively. Shear wave splitting patterns, whose amplitude requires a significant contribution from upper mantle anisotropy, are small in the Kaapvaal craton, but large in the Superior craton. Guilhem Barruol (Université de Montpellier II) showed that seismic shear wave splitting viewed in light of petrological data correlate with crustal deformation fabrics near the margins of cratons, but anisotropy is considerably lower near the cores of cratons. Thus, there is evidence of both coupling and decoupling of crust and upper mantle in cratons. Dan McKenzie (University of Cambridge) concluded his comparison of seismic and petrological constraints on lithospheric thickness with a lively debate about vertical resolution in tomographic models. After much discussion, it was agreed that teleseismic tomographic images should be interpreted in conjunction with velocities determined from surface wave studies (shown, for example in figure 1 ). Agreement was reached on the presence of thicker than normal, high-velocity cratonic roots to explain tomographic and surface wave data from several large cratons.
Graham Pearson (Durham University) presented Re-Os isotopic data to constrain the ages of mantle lithosphere beneath Archaean crust on the small Slave and large Kaapvaal cratons, both of which have numerous diamond occurrences. These results suggest that relatively depleted lithospheric mantle beneath Archaean cratons is the same age as the overlying crust, providing further insights into modification of cratonic roots with time. Ben Harte (University of Edinburgh) explored petrological constraints on the compositional and thermal evolution of Archaean lithosphere, presenting a mechanism for metasomatic alteration of a uniquely Archaean diamond-garnet-harzburgite paragenesis.
Archaean processes
Whilst the first session presented an opportunity to understand what the Archaean is and what it probably was originally, the afternoon session on Thursday provided current models for Archaean processes. Mike Cheadle (University of Liverpool) described komatiites, which, if formed by dry melting, require mantle potential temperatures of >1800°C, much higher than present mantle potential temperatures: is this evidence for Archaean mantle plumes? More data on the water content of the komatiite melts is vital to establishing a baseline for mantle evolution. Jan Kramers (University of Bern) blazed through a global inventory of continental mass flux to constrain the drawdown of CO 2 during Archaean time. He concluded that CO 2 drawdown from weathering was small, and other sources were needed to explain the carbonate reservoir. Mike Bickle (University of Cambridge) presented isotopic evidence for biogenic influence: the Archaean strata record the early biogenic controls on the carbon cycle, and the shift to an oxygen-rich atmosphere. The role of volatiles in atmospheric formation during the early evolution of the planet was discussed by Bernard Marty (Ecole Normale Superiore, Paris), who awaits new information on rare gas fractionation from the Mars missions. Kevin Zahnle (NASA-Ames) described the evolution of Earth's early atmosphere, creatively balancing sources and sinks for CO 2 , our most important greenhouse gas. Theory argues against a greenhouse effect in the Archaean, yet the rock record from Isua, Greenland presented by Minik Rosing (Danish Lithosphere Centre) suggests that the early biosphere had potential for oxidation and carbon fixing (e.g. Bickle). The physical and biological controls on Earth's surface environment in the late Hadean and Archaean were the subjects of the Geological Society's Fermor lecture by Euan Nisbet (Royal Holloway) . This sequence of talks clearly indicated that the timing of hydrogen loss, carbon-dioxide build-up, the appearance of life, and the origins of photosynthesis are all controversial topics (shown in figure 2 ).
Modelling and synthesis
The numerical models of MariePierre Doin (Ecole Normale Superieure Paris) show that depleted, neutral buoyancy cratonic keels can persist in normal mantle flow, but that they are susceptible to lateral erosion. The observed geoid anomalies over cratons could only be reproduced with neutral buoyancy, depleted keels. Neil Ribe (IPG-Paris) continued the theoretical considerations of lithosphere-asthenosphere interactions in the presence of mantle plumes, commenting on the channelling effects of topography at the base of the lithosphere and plate movements. Irina Artemieva (University of Uppsala) predicted the thickness of thermal lithosphere worldwide using existing heat flow observations constrained by tomography and petrological data, and found a decrease in lithospheric thickness with thermal age of the plate. Excluding small cratons, the global average shows that Archaean lithosphere is >200 km thick. Claude Jaupart (IPG-Paris) reported a more detailed study of heat flow and petrological data from the Archaean-Paleozoic terranes in Canada. His results and existing geophysical data suggest a complex history of lateral accretion and delamination onto the Archaean, producing a "granulitic litter bin". Depending on the magnitude of changes in mantle temperature since Archaean time discussed by Mike Cheadle, the anomalously thick Archaean lithosphere may turn out not to be anomalous at all.
Discussion
The results of these modelling studies instigated further consideration of observational constraints on the thickness of Archaean lithospheric roots. Despite apparent differences between thickness estimates based on thermal, seismic, and petrological considerations, it was agreed that unreworked Archaean lithosphere is 250 ± 50 km thick, and that these differences in composition and thickness continue to influence the style of continental tectonics. q 2: Possible model of the atmosphere at the start of the Archaean aeon, not long after life began. The ocean was present, and carbon and nitrogen gases had also degassed from the mantle. In the Hadean aeon (before 4.0´10 9 years ago) there may have been significant loss of H to space, from water in the upper atmosphere. Later, an inversion or "cold trap" may have become established at the top of the lower atmosphere, reducing the amount of water that entered the upper air, and reducing H loss. Methanogenic microbes are very ancient: James Lovelock has suggested that when Archaean microbial life diversified, a methane smog layer developed, with an effect similar to the ozone layer in the modern atmosphere. ( 
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